Objective High molecular weight adiponectin (HMW ADPN) plays an important role in the regulation of insulin resistance and atherogenic processes. However, the role of HMW ADPN remains to be determined in hemodialysis (HD) patients.
Introduction
Adipose tissue is now considered to be a secretory organ for physiologically active substances that have been generically designated as 'adipocytokines'. Adiponectin (ADPN) is a collagen-like plasma protein of adipose tissue that is known to play an important role in the development of metabolic syndrome (1, 2) . ADPN has both anti-atherogenic and anti-inflammatory properties. Adiponectin protects against the development of systolic dysfunction after myocardial infarction in adiponectin-deficient mice (3, 4) . In addition, ADPN is a key regulator of albuminuria to modulate oxidant stress in podocytes in adiponectin-deficient mice (5) . These findings have provided data to support the notion that ADPN is essentially cardio-and renal-protective agent.
Odamaki et al (6) previously reported that HD patients tend to have excessive accumulation of intra-abdominal adipose tissue despite their lower body mass index (BMI) relative to healthy subjects. They also demonstrated that visceral fat accumulation correlated well with serum lipid abnormalities and atherosclerotic index in these patients. Although cardiovascular diseases resulting from atherosclerotic complications are a major cause of death in HD patients, it is unclear how the accumulation of intra-abdominal fat influences the progression of atherosclerosis in HD patients. ADPN circulates in three major forms: as trimers (low molecular weight), hexamers (medium molecular weight), and as 12-mers or 18-mers (high molecular weight [HMW] ). These major forms of ADPN differently activate the signaling pathways in the target tissues (1) . HMW ADPN is the only multimetric form that prevents apoptosis of cultured human endothelial cells (7) . Decreased HMW ADPN is closely associated with the development of type 2 diabe-tes (8) . Hara et al (9) also demonstrated that the ratio of HMW to total ADPN in plasma is more useful in the prediction of insulin resistance and metabolic syndrome when compared with total ADPN. The HMW-to-total ADPN ratio is also inversely correlated with insulin resistance in men with normal glucose tolerance.
Circulating ADPN concentration is higher in hemodialysis (HD) patients than in healthy subjects, since plasma ADPN level is dependent on glomerular filtration rate (10) . Moreover, a low plasma ADPN level appears to be a strong predictor of cardiovascular events in HD patients (11) . A 1.2fold increase in plasma HMW ADPN is found in hemodialysis (HD) patients when compared with healthy subjects (12) . However, the relation of increased HMW ADPN to visceral fat accumulation in HD patients remains to be determined.
The aim of the present study was to measure plasma HMW ADPN levels and to examine the association of the serum HMW ADPN levels with visceral fat accumulation and clinical parameters in chronic HD patients.
Patients and Methods

Patients
All subjects were treated at the Dialysis Unit of Hidaka Hospital for more than 6 months, and received standardized HD prescriptions (500 mL/min dialysate flow; 250-300 mL/ min blood flow; 4 hours dialysis per session; 3 sessions per week). Of all HD patients, 49 patients (age: 62.4±12.0 years, time on HD: 8.4±6.4 years, male/female=30/19) gave their informed consent and completed the study. The dialysis potassium concentration was 2.0 mEq/L and the Ca concentration was 3.0 mEq/L. Blood pressure was recorded three times with a brachial sphygmomanometer, after the subject had rested in the supine position for at least 10 min and the average value of the three measurements was adopted. Hypertension was defined as systolic blood pressure (SBP)! 140 mmHg and/or diastolic blood pressure (DBP)!90 mmHg, or use of antihypertensive medication. Diabetes mellitus (DM) was defined as either fasting glucose>126 mg/ dL, random glucose>200 mg/dL, or use of insulin or antidiabetic medication. All measurements as listed below were performed after dialysis session except blood sampling. Information of antihypertensive medications were obtained from medical charts and analyzed. None of the patients was treated with thiazolidinedione. This study was in compliance with the Declaration of Helsinki and was in agreement with the guidelines approved by the ethics committee of our institution and informed consent was obtained from each patient.
CT scans
The multi-detector-row CT examination was performed using GE LightSpeed. An index image was obtained before scanning, and the umbilicus to L4-5 level was identi-fied (13) . The thickness of a slice was 10 mm. The radiographic images were digitally scanned for analysis by a personal computer. The abdominal visceral fat mass area (VFA) at this level correlates extremely well with whole intraabdominal fat content (r=0.94). Horizontal image was obtained at 400 mA and 120 kVp with a scan time of 1.0 s. The range of CT values covers optimal CT numbers for fat tissue, from -150 to -40. Data were stored and analyzed using a GE advantage workstation Ver 4.0.
Laboratory studies
Serum urea nitrogen, creatinine, calcium, phosphorous, albumin, total cholesterol, high-density lipoprotein (HDL)cholesterol, low-density lipoprotein (LDL)-cholesterol triglyceride, C-reactive protein (CRP), and hemoglobin were measured by standard laboratory techniques using an autoanalyzer. Body mass index (BMI) was calculated dividing dry weight (kg) by body height (m) 2 . Intact parathyroid hormone (iPTH) was measured by immunoradiometric assay. Total and HMW ADPN were measured by using commercially available human HMW ADPN ELISA kits (Fujirebio, Tokyo, Japan) and total ADPN (Otsuka Pharmaceuticals, Tokyo, Japan) as previously described (14) (15) (16) . The mean HMW/total ADPN ratio was calculated. The reference group included 42 healthy control subjects matched to HD patients for gender (males/females, 24/18) and age (59.3± 12.7 years).
Statistical analysis
Values were expressed as the means ± SD. Differences between two groups were analyzed by an unpaired Student t test following the analysis of variance. p values < 0.05 were considered statistically significant. Pearson's correlation coefficient was used to assess the association between continuous variables. Multivariate linear regression was performed to determine the factors related to the serum HMW ADPN levels using variables such as age, HD vintage, BMI, HDLcholesterol, triglyceride and log-transformed CRP. Stepwise backward elimination was used, beginning with the variable with the highest P-value. We also examined determinants of serum HMW ADPN with multiple stepwise regression analysis. We analyzed four parameters: BMI, serum levels of HDL-cholesterol and triglycerides, and VFA. All statistical calculations were performed with StatView 5J software (SAS Institute, Cary, NC, USA).
Results
Baseline patient profiles
The baseline profiles of the patients are shown in Table 1 . At the assessment, the age of the patients was 62.4±12.0 (32-86) years, with a mean HD duration of 8.4±6.4 (0.6-24.8) years (male/female=30/19). The underlying kidney diseases were chronic glomerulonephritis (n=29), and diabetic nephropathy (n=20). The VFA was 85.2±57.8 cm 2 . The
T a b l e 1 . B a s e l i n e Ch a r a c t e r i s t i c s o f t h e S t u d y P o p u l a t i o n ( n = 4 9 )
Clinical variables mean serum levels of total ADPN and HMW ADPN were 40.3±20.9 μg/mL and 26.9±20.3 μg/mL, respectively. The mean HMW/total ADPN ratio was 0.57±0.18. The total ADPN and HMW ADPN concentrations were significantly higher in HD patients than in control subjects (12.3±7.2 μg/ mL, 7.5±5.1 μg/mL). Angiotensin-converting enzyme inhibitors and angiotensin receptor blockers were prescribed in 32 patients. The serum HMW ADPN levels were not significantly different in patients with and without these agents (27.6±21.8 μg/mL vs. 22.6±16.8 μg/mL). Table 2 shows a comparison of clinical and biochemical profiles between male and female HD patients. The mean serum levels of total ADPN, HMW ADPN and the HMW/ total ADPN ratio tended to be higher in female patients, but these did not reach significance. Serum HMW ADPN levels were positively correlated with BMI (r=0.472, p=0.0084) in male patients, and the HMW ADPN levels were positively correlated with serum levels of HDL-cholesterol (r=0.514, p=0.0243) and TG (r=0.605, p=0.0061). Table 3 shows the comparison of clinical and biochemical profiles between diabetic and non-diabetic HD patients. Diabetic patients were younger than non-diabetic patients. There was no significant difference in gender, dialysis vintage, BMI, diastolic blood pressure, hemoglobin, serum levels of albumin, CRP, total cholesterol, HDL cholesterol, LDL cholesterol, triglyceride, Ca and P in both groups. The systolic blood pressure, serum levels of total ADPN, serum HMW ADPN and HMW/total ADPN ratio were higher in diabetic patients. The serum intact PTH level was lower in diabetic patients.
As shown in Fig. 1 ). Since HMW ADPN is released from fat cells, simple and multiple regression analyses were performed to examine which part of fat was the major determinant of serum ADPN as shown in Table 4 . The regression coefficient between VFA and HMW ADPN was -0.491 (p=0.0034; Fig. 2 ). Multiple stepwise regression analysis showed that VFA was the most significant and independent determinant of serum HMW ADPN concentration ( Table 5 ). Serum logtransformed CRP was not correlated with HMW ADPN (r=-0.0060, p=0.6814) in the present study. In the present study, we measured serum HMW ADPN concentration in HD patients and investigated the correlation with various clinical parameters. Although serum HMW ADPN levels in HD patients were significantly higher than those in healthy subjects, HMW ADPN level was inversely associated with VFA in HD patients. Multiple regression analysis showed that VFA was the most predictive factor on serum HMW ADPN levels. Serum HMW ADPN levels also showed a significant positive correlation with HDLcholesterol value. These results were almost identical to those in previous reports in healthy subjects (21) and type 2 diabetic males (22) .
Discussion
Serum or plasma ADPN is demonstrated to be associated with clinical parameters of cardiovascular damage in the general population. Several studies have recently shown that serum ADPN level is inversely correlated with BMI or fat mass, and that ADPN levels are low in obese persons (17) and type 2 diabetic mellitus patients (18). In addition, plasma ADPN concentration rises with loss of body weight in humans (19). Truncal fat can be divided into subcutaneous fat and visceral fat, and accumulation of the latter appears to strongly suppress the secretion of ADPN from adipocytes. Moreover, the secretion of ADPN might be decreased when visceral fat cells become hypertrophic (20).
T a b l e 2 . Co mp a r i s o n o f Cl i n i c a l a n d B i o c h e mi c a l P r o f i l e s b e t we e n Ma l e a n d F e ma l e He mo d i a l y s i s P a t i e n t s
T a b l e 3 . Co mp a r i s o n o f Cl i n i c a l a n d B i o c h e mi c a l P r o f i l e s b e t we e n Di a b e t i c a n d No n -d i a b e t i c He mo d i a l y s i s P a t i e n t s
The present study showed that serum HMW ADPN levels were higher in diabetic patients than in non-diabetic patients T a b l e 4 . Co r r e l a t i o n b e t we e n S e r u m HMW ADP N L e v e l s a n d Cl i n i c a l P a r undergoing HD therapy. Previous studies have suggested that HMW ADPN may be the active form of this protein because changes in the ratio of HMW to total ADPN after treatment with a thiazolidione, but not those of total ADPN, were associated with improvement of hepatic insulin sensitivity (23) or glycemic control (24). Although the serum ADPN level is generally believed to remain stable in vivo, it seems that HMW ADPN is affected by glucose intake in persons with impaired glucose tolerance (25) . It is noteworthy that serum ADPN levels are increased in type 1 diabetes patients (26) . Serum glucose or insulin concentration is likely to be a possible regulator of circulating ADPN levels. (11) demonstrated that the group with lower plasma ADPN concentration had a higher rate of subsequent cardiovascular events in HD patients during a 31-month observation period.
a me t e r s i n P a t i e n t s o n Ch r o n i c He mo d i a l y s i s
F i g u r e 2 . Co r r e l a t i o n b e t we e n h i g h mo l e c u l a r we i g h t ( HMW) a d i p o n e c t i n ( ADP N) a n d v i s c e r a l f a t a r e a ( VF A) i n h e mo d i a l y s i s p a t i e n t s .
T a b l e 5 . Mu l t i p l e S t e p wi s e Re g r e s s i o n An a l y s i s f o r De t e r mi n a n t o f S e r u m HMW ADP N Co n c e n t r a t i o n s
Reduced ADPN is correlated with carotid arterial stiffness in type 2 diabetic patients (31). An inverse relationship between plasma ADPN and aortic pulse wave velocity is also found in hypertensive subjects (32). There is a greater decrease in HMW and the HMW-to-total ratio in diabetic men with coronary artery disease (CAD) than those without (33). In a report of a 7-year follow-up in CAD patients, the HMW ADPN level was inversely associated with the severity of CAD, and was a strong predictor of secondary cardiovascular events (34). In contrast, it remains unclear whether reduced ADPN is similarly related to CAD in HD patients.
In HD patients, the percentile of the HMW formed in total ADPN has been demonstrated to be much smaller in patients with ischemic heart disease than those without (35) . In contrast, a cross-sectional observation failed to demonstrate a causative relationship between ADPN levels and the prevalence of vascular disease in dialysis patients (36) . ADPN was also reported not to be associated with carotid atherosclerosis in HD patients (37). These findings suggest that reduction in serum HMW ADPN may be associated with advanced atherosclerosis in HD patients.
There are several limitations in this study. First, we assessed the association of HMW ADPN with clinical parameters in a cross-sectional fashion, so our observation may mask possible cause-effect relations. Second, this study was a single-center study analyzing a small number of patients. Third, we provided few potential mechanisms how HMW ADPN and HDL-cholesterol are positively related in this study. Finally, this was an observational study and, as such, patients differed with respect to a few characteristics.
In summary, we found that serum HMW ADPN was inversely associated with visceral fat accumulation in HD patients. In addition, serum HMW ADPN showed close relationships with HDL-cholesterol. These findings suggest that the regulation of HMW ADPN production by visceral fat still exists in HD patients, and this visceral fat-HMW ADPN axis appears to affect the lipid profile. The results of this study are consistent with an association of visceral fat accumulation and progression of atherosclerotic vascular disease in HD patients.
